Background-The aim of this study was to create a practical score for risk stratification in patients with ST-segment elevation myocardial infarction (STEMI) treated with primary angioplasty and to assess the feasibility of early discharge in low-risk patients. Methods and Results-A prognostic score was built according to 30-day mortality rates in 1791 patients undergoing primary angioplasty for STEMI. For the identified low-risk patients without any contraindication to early discharge, we estimated and compared the costs of conventional care (prolonged 24-hour hospitalization) with the costs of shifting the care from inpatient to outpatient setting (early discharge) between 48 and 72 hours. Independent predictors of 30-day mortality included in the score were age, anterior infarction, Killip class, ischemic time, postprocedural Thrombolysis In Myocardial Infarction (TIMI) flow, and multivessel disease. This score was able to identify a large cohort (73.4%) of low-risk (score Յ3) patients, with a good discriminatory capacity (c statisticϭ0.907). The mortality rate was 0.1% at 2 days and 0.2% between 2 and 10 days in patients with a score Յ3. The incremental cost-effectiveness ratio for late discharge in low-risk patients was estimated at €1949.33. Therefore, this policy would save 1 life per 1097 low-risk patients, at additional costs of €194 933.33, in comparison with an early discharge policy. Conclusions-This score is a practical and useful index for risk stratification after primary angioplasty for STEMI, with a significant impact on clinical decision-making and the related costs. It reliably identifies a large group of patients at very low risk, who may safely be discharged early after primary angioplasty.
D
espite the excellent results of reperfusion therapies for ST-segment elevation myocardial infarction (STEMI), the mortality rate across different patient categories and the safety issue of early discharge remain controversial. 1, 2 Increasing economic pressures have intensified the need for risk scores to tailor in-hospital treatment of patients with STEMI according to their risk of future events. 3 Identification of a low-risk subset of patients seems to be an attractive way to reduce hospitalization and costs.
Although several scores have been introduced as useful tools for bedside risk stratification of patients with STEMI, 4 -9 they cannot be fully applied to patients treated with primary angioplasty. Currently available risk scores have been developed in patients treated with medical therapy, with or without thrombolysis, without taking into account the procedural variables that significantly affect the outcome of these patients. 10 -12 Therefore, the present study was conducted to create, by identifying predictors of 30-day mortality, an easy and practical score for early risk stratification in patients with STEMI treated with primary angioplasty.
Methods
Our population comprised a total of 1791 patients with STEMI treated by primary angioplasty between August 1994 and October 2001. Informed consent was obtained from each patient before the angiogram. Our study was approved by the institutional review board. All patients presenting within 6 hours from symptom onset, or between 6 and 24 hours if they had persistent or recurrent chest pain and/or ST-segment elevation, were included. 13 All patients received aspirin (500 mg) and heparin (10 000 IU) intravenously before the procedure. All patients were taking aspirin after the procedure. In case of stenting, additional 3-month warfarin therapy (before 1996) or additional 1-month antiplatelet therapy with ticlopidine or clopidrogel (after 1996) was given.
Angiograms were analyzed by an independent core laboratory (Diagram, Zwolle, The Netherlands), blinded to all data apart from the coronary angiogram. Residual stenosis was visually assessed. Procedural success was defined as postprocedural Thrombolysis In Myocardial Infarction (TIMI) 3 flow and residual stenosis Ͻ50%. 13 Enzymatic infarct size and predischarge ejection fraction were measured as previously described. 14 
Clinical Outcome
Records of patients who visited the outpatient clinic were reviewed. For all other patients, information was obtained from their physician or by telephone interview with the patient. For patients who died during follow-up, hospital records and necropsy data were reviewed. No patient was lost to follow-up.
Cost-Effectiveness Analysis
For the identified low-risk patients without any contraindication to early discharge, we estimated and compared the costs of conventional care (prolonged 24 hours of hospitalization, estimated at €256) with those of early discharge (outpatient care from 48 to 72 hours estimated at €78, including outpatient visit, ECG, and cardiac enzyme measurement). The costs for repeat angioplasty and hospitalization in the coronary care unit were estimated at €5400 and €762/d, respectively. Out-of-hospital resuscitation was estimated at €700 and a visit to the emergency unit at €89. Unit charges were calculated on the basis of hospital records of 2001. The balance between costs and effects was assessed by calculation of the incremental cost-effectiveness ratio (average costs per patient for late discharge minus those for early discharge policy divided by the percentage difference in 30-day survival) and the average costeffectiveness ratio for both groups (the average costs per patient divided by the percentage of survivors at 30 days). 13 The 30-day survival rate in low-risk patients eligible for early discharge was estimated with out-of-hospital cardiac arrest being accounted for as death. 15 This method of analysis has previously been described. 16 
Statistical Analysis
Statistical analysis was performed with the SPSS 10.0 statistical package. Continuous data were expressed as meanϮSD and categorical data as percentage. ANOVA was used for continuous variables, and the 2 test or Fisher's exact test was used for categorical variables as appropriate. Univariate relations between variables and 30-day mortality rates were assessed by logistic regression analysis. A probability value Ͻ0.05 was considered statistically significant.
A multiple logistic regression analysis was performed to identify independent variables associated with 30-day mortality. The stepwise selection of the variable and estimation of significant probabilities were computed by means of maximal likelihood ratio test. The 2 value was calculated from the log of the ratio of maximal partial likelihood functions. The additional value of each category of variables added sequentially was evaluated on the basis of the increases in the overall likelihood statistic ratio. The final score was built according to the global 2 value of the multivariate statistical †Four categories were identified according to 3 thresholds (2, 4, and 6 hours).
model and the 2 value of each variable. The receiver operating characteristics (ROC) curve was used to identify the best threshold value for both continuous and ordinal variables that were independent predictors of 30-day mortality. The following variables that were available from all patients were entered in the multivariate model when they were significantly related to mortality at univariate analysis: Age, sex, diabetes, hypercholesterolemia, smoking, family history of coronary artery disease, hypertension, previous infarction, revascularization or cerebrovascular accident, quartiles of inclusion period, infarct location, time-to-treatment, door-to-balloon time, Killip class at presentation, preprocedural and postprocedural TIMI flow, angiographic evidence of collaterals, multivessel disease, procedural success, and the use of stent.
Kaplan-Meier curves were used to estimate the event rate and to evaluate the stability of the score over time. The discriminatory capacity of the risk score was assessed by the area under the ROC curve (c statistic) as an index of model performance. 17 
Validation Set
This score has been validated in another cohort of patients (nϭ747) with STEMI treated by primary angioplasty from October 2001 to February 2003.
Results
Patient characteristics in the study population and the validation set are reported in Table 1 . The actual hospitalization length was 5.9Ϯ6.7 days.
Predictors of 30-Day Mortality
The overall rate of 30-day mortality was 3.6%. Predictors of mortality at univariate and multivariate analysis are shown in Table 2 and Table 3 , with the respective 2 value to show the power of each variable to predict mortality.
Zwolle Risk Score for STEMI
Because of the global 2 of the statistical model (210), a total of 21 points (10 2 ϭ1 point) were assigned to the independent variables according to their 2 value in the multivariate model. Subsequently, according to the rate of events, different points were assigned to the values of each variable. By ROC curve, we identified the threshold value with the best discriminatory capacity for age (Ն60 years), ischemic time (Ն4 hours), and number of diseased vessels (Ͼ2). The score is reported in Figure 1 . As depicted in Figure 2 , this score was able to create a gradient in mortality risk across the population. Our score showed a strong predictive capacity (c statisticϭ0.907), even when it was limited to patients at lower risk (score Յ3) for 30-day mortality (c statisticϭ0.762). The prognostic capacity of the score was stable over multiple time points during 1-year follow-up ( Figure 3 ). This score was also able to identify a large cohort (nϭ1315, 73.4%) of low-risk patients (score Յ3) with a very low mortality rate at 2 days (0.1%) and between 3 and 10 days (0.2%) (Figure 4) . Medical therapy at discharge is reported in Table 4 . The relation with ejection fraction and enzymatic infarct size (Table 4) clarifies the link between this score and mortality.
Score Validation
There were no major differences between the study population and the validation set, except for the rate of stenting ( Table 1) . As shown in the validation set (Figure 2 ), this score was also strongly associated with 30-day mortality (c statisticϭ0.902). Confirming the findings in the patient population, the score in the validation set was also able to identify a large subset of low-risk patients (score Յ3) with a very low mortality rate at 2 days and between 3 and 10 days (Figure 4 ).
Feasibility of Early Discharge
We found a 9.3% overall incidence of malignant arrhythmia (ventricular tachycardia or fibrillation) requiring electric cardioversion. Most (96%) were observed in the first 48 hours. In fact, among these low-risk patients, only 3 patients (0.2%) had a malignant ventricular arrhythmia after 48 hours, one between 48 and 72 hours and another at 2 weeks after primary angioplasty, and this was related to reinfarction caused by in-stent thrombosis.
Among 1315 low-risk patients identified by our risk score (score Յ3), we found a contraindication to early discharge in 218 patients (16.6%) ( Table 5 ). This means that early discharge could have been applied to 1097 low-risk patients (83.4%), or 61.2% of the total population. The actual hospitalization length of these patients was 4.3Ϯ4.9 days, compared with 9.2Ϯ8.4 days in remaining patients (PϽ0.001). A cardiac arrest was observed in 20 of 665 patients not identified for early discharge, and only 4 of those were fatal.
As the estimated 30-day survival rate in low-risk patients was 99.73% for early discharge and 99.64% for conventional discharge policy, the average cost-effectiveness was €78.90 and €254.70, respectively (PϽ0.001). The incremental costeffectiveness ratio for late discharge was €1949.33. Thus, the 
Discussion
This score is a practical and useful index for risk stratification after primary angioplasty for STEMI, with impact on clinical decision-making and the related costs. It can be calculated at bedside from easily obtainable variables by any care provider with the aid of a simple score card.
Risk Stratification and Early Discharge After Primary Angioplasty
In a trial conducted by Grines et al, 18 471 low-risk patients (Ͻ50% of screened patients; age Ͻ70 years, no persistent arrhythmia, no triple-vessel disease, ejection fraction Ͼ45%, and successful reperfusion) were randomly assigned to early discharge or conventional care. Early discharge was applied to 60% of the randomly assigned patients (25% of the total population). The safety of early discharge was demonstrated by the very low 6-month mortality rate (0.8%). Despite this initial report, safety concern of such an approach still remains, 1 as it has only been applied to a minority of patients.
The role of abciximab in reducing hospitalization length has also been addressed in a substudy of the Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) trial. 19 In contrast to the present study, in which risk stratification was performed according to independent predictors of mortality, this substudy identified high-risk patients according to age (Ͼ70 years), ejection fraction (Ͻ30%), suboptimal angioplasty result, refractory arrhythmias, and sustained hypotension or pulmonary edema. In up to 40% of patients, early discharge was not applied because of physician preference or patient's refusal. Therefore, these aspects should also be kept in mind. Although prognostic scores have been introduced in several studies, 4 -9 their complexity has made their application impractical. [5] [6] [7] [8] [9] These scores have been applied to patients treated with medical therapy, with or without thrombolysis, with potential limitations in the application to patients treated by primary angioplasty, in whom survival is mainly affected by procedural outcome. 10 -12 By using postprocedural angiographic outcome, the c statistic for predicting mortality is higher than the risk scores that use only information at the time of presentation. 4 -9 Consistent with the TIMI risk score, 4 age, Killip class, anterior infarction, and time-to-treatment were included in our score. These factors have been shown to be main independent predictors of 30-day mortality. 4, 20, 21 The prognostic role of ischemic time in primary angioplasty has been confirmed in a recent study, particularly in high-risk patients. 22 To optimize risk stratification in patients with STEMI undergoing primary angioplasty, additional angiographic parameters were included in our score, as these factors have also been shown to be independent predictors of mortality. 12, 20, 21 Our score was able to identify a large category of unselected patients at a very low risk (score Յ3) for mortality (0.1% at 2 days and 0.2% between 3 and 10 days), who could potentially be discharged early from the hospital (at 48 hours after the procedure). Because the eligibility for early discharge was identified in 83.4% of these patients (61.2% of the total population), this would have resulted in a significant reduction of in-hospital costs. The incremental costeffectiveness ratio for late discharge was estimated at €1949.33. This means that a conventional discharge policy (prolonged 24 hours of hospitalization) in low-risk patients would save one life per 1097 patients, with additional costs estimated at €194 933.33 in comparison with an early discharge policy.
Several factors may suggest the safety of an early discharge policy based on our score. The mortality rate between 3 and 10 days observed in this subset of patients was very low, with a very low rate of ventricular arrhythmia between 48 and 72 hours (0.09%). As shown in the Global Utilization of Streptokinase and t-PA for Occluded coronary arteries (GUSTO)-1 trial, 23 the rate of malignant arrhythmia is the highest in the first 48 hours and constant until 1 month after reperfusion. This would be even lower in low-risk patients treated by optimal mechanical reperfusion.
Therefore, the Zwolle risk score may potentially be useful in the design of future clinical trials. The exclusion of very low-risk patients may improve the statistical power of clinical trials, with a smaller sample size, to assess the efficacy of new therapeutic strategies.
Limitations
Because the aim of our model was to identify predictors of 30-day mortality (thus including patients who died before hospital discharge), both medical therapy and ejection fraction at discharge were not included in the multivariate analysis, as these variables were not available in all patients.
The outcome of patients at home would probably not be the same as in hospital. However, even if all malignant ventricular arrhythmias (0.09%) resulted in death, as accounted in our analysis, the risk of death would still be very low and early discharge justified.
Although the 30-day mortality rates in patients with a score of 3 were 1.1% and 1.3% in our study population and validation set, respectively, they were included in the lowrisk category because the risk of death within 10 days was only 0.4% and 0.7%, respectively. This event would not be prevented by late discharge.
Our cost analysis was based on estimated charges rather than actual charges. However, several aspects, such as the very low-risk and the uncomplicated patient population (which required little additional care) and the short time period analyzed have made our estimation very close to the actual costs of an early discharge policy. This method of analysis has previously been described. 16 However, the costanalysis was based on the Dutch healthcare system and may therefore not be generally applicable.
Although the use of stents in the validation set was higher than that in our population, additional stenting has not been shown to reduce mortality rates in primary angioplasty for STEMI. 13, 24 Finally, the safety and feasibility of early discharge strategy according to this risk score should be prospectively evaluated.
Conclusions
Our study shows that a policy of early discharge (48 hours after primary angioplasty) could have been applied safely to a large group (Ͼ60%) of patients at a very low risk. These patients can easily be identified by the use of our risk score. A more widespread application of early discharge would result in a considerable reduction in costs for the treatment of patients with STEMI. 
